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Abstract 

Low plasma level of high density lipoprotein cholesterol (HDL-c) was an independent risk factor for cardio vascular disorder, 
and associated with poor outcomes in pulmonary arterial hypertension. To compare the effects of vegetarian diets and 
omnivorous diets on HDL-c in plasma, we identified cross-sectional and cohort studies related to HDL-c listed on PubMed 
and ISI Web of Knowledge as well as the corresponding references (until Nov, 2013). Twelve studies with a total of 4177 
individuals were selected for meta-analysis. This meta-analysis indicates that vegetarian diets did not alter plasma HDL-c 
concentrations, as it wasn't initially expected by the authors [Standardized Mean Difference (SMD) = 0.02 mmol/l; 95% 
confidence interval (CI): —0.19 to 0.22 mmol/l]. In Asia and Latin America countries, no significant differences in HDL-c levels 
between vegetarians and omnivores were found (SI\/1D= -0.09 mmol/l; 95% CI: -0.43 to 0.25 mmol/l). In Europe and North 
America countries, the plasma level of HDL-c was also not different between the two diets (SMD = 0.09 mmol/l; 95% CI: — 
0.19 to 0.36 mmol/l). In light of this meta-analysis, we conclude that there is no evidence that plasma HDL-c levels differs in 
vegetarians and omnivores, even after adjusting for cultural circumstances. 
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Introduction 

Dyslipidemia is a condition often associated with coronary heart 
diseases, peripheral vascular diseases, atherosclerosis, and stroke 
[1-3]. It is a common public liealth problem worldwide, and 
imposes a significant demand on medical care and liealth services 
because of its high prevalence in the general population. In United 
States of America, dyslipidemia and its related diseases account for 
over 885,000 deaths and $634.2 billion in related costs annually 
[4]. Compared to omnivorous subjects, vegetarians have dimin- 
ished risk of developing dyslipidemia. This may be due to their 
lower saturated fats consumption and higher fiber intake, which 
results in a reduction in the concentration of low density 
lipoprotein cholesterol (LDL-c), a major cardiovascular disease 
risk factor [5] . Greater fruits, nuts, and cereals consumption may 
also contribute to atherosclerosis prevention by increasing the 
intake of anti-oxidants, vitamins, and micronutrients [6] . More- 
over, a recendy study when vegans were compared to omnivorous 
subjects also shown functional aspects of high density lipoprotein 
(HDL) and defective chylomicron removal and VLDL (very low- 
density lipoprotein) remnants from the plasma may be affected by 
dietary habits [7] . It is said that high triglyceride (TG), low LDL-c, 
and low HDL-c levels are predictive for the increased risk of 
dyslipidemia and are considered to be the major risk factors, 
followed by smoking and high blood pressure [8- 1 0] . Especially, it 
was estimated that 1 1 % of the US men had low HDL-c levels [1 1]. 



At present, the clinical management of dyslipidemia risk involves 
targeting multiple risk factors to achieve the maximum decrease in 
risk and HDL-c has been an important target for intervention 
efforts. HDL is responsible for reverse transportation of choles- 
terol, carrying basically the cholesterol from tissues to the hver. It 
has been known for quite a long time that the plasma 
concentration of HDL-c correlated inversely with the incidence 
of cardio vascular disorder (CVD) and coronary heart disease 
(CHD) and that low HDL-c was an independent CVD risk factor 
(particularly when HDL-c < 1.0344 mmol/l) [8,12,13]. According 
to the Vahit Study, a 1 mg/dl HDL reduction results in 3% — 4% 
increase in coronary artery disease (CAD) prevalence. It is now a 
common practice to measure HDL-c level [13] and compute the 
ratio of LDL-c to HDL-c or the cholesterol to HDL-c for a better 
assessment of CHD risk [14]. Importantly, a recent study 
demonstrated that low plasma level of HDL-c was associated with 
higher mortality and clinical worsening in pulmonary arterial 
hypertension patients [15]. 

Nowadays, with the development of society and economy, 
specialists began to pay much attention to the relationship of 
diflferent diets and plasma cholesterol levels. In this study, 
vegetarian diets and omnivorous diets have been considered, 
and we wanted to compare whether there is a difference in HDL-c 
concentrations between the two kinds of diets. In view of 
conflicting results and the limited sample sizes in individual 
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studies, we performed a meta-analysis for this comparison. In 
addition, stratified analysis was made by some cultural similarities 
in order to find whether difiFerent cultural background represents a 
factor influencing the plasma level of HDL-c. 

Methods 

Literature Search 

A systematic search of the literature was carried out by using 
Pub Med and ISl Web of Knowledge resources (until Nov, 2013). 
The keywords used for the search included "lacto" or "vegetar- 
ian" or "non meat eaters" or "omnivorous diet" or "omnivores" 
or "meat- eating" or "no vegetarian" concatenated with "blood 
Upid levels" or "plasma hpids" or "HDL-c" or "plasma 
lipoproteins". Two reviewers firsdy identified eligible articles by 
the abstracts available. Then, if the abstract met the inclusion 
criteria, the full article text was obtained (Figure 1). 

Study Selection 

FuU articles were obtained if they met the following inclusion 
criteria: 1) published in English and on humans; 2) adult humans 
S18 years of age, free-living people, and all volunteers have been 
on the diets for more than 2 months; 3) control groups included; 4) 
one or more of the following lipids and lipoproteins assessed: 



612 citations identified and screened 



HDL-c, TC, LDL-c, and TG. In addition, subject group 
characteristics, sex, age, BMI, sample size, location, recruitment 
procedure, and classifying information should be included. We 
found 12 studies that were consistent with our inclusion criteria 
(Table 1). Discarded citations included reviews, insufficient detail 
on classification, and other descriptive or intervention studies. 

Data Extraction 

Two investigators independently extracted data and reached a 
consensus on all of the items. After the initial search procedures 
were completed, remaining citations were examined to determine 
whether they met the inclusion criteria. For articles that met the 
criteria, the following information was collected: country of origin 
of author, year of publication, country of origin of subjects, 
selection and characteristics of each diet group, demographics, and 
the mean HDL-c levels of a group of subjects while on that diet. 
Nutrient intake did not change within a study; any drift in the 
HDL-c level with time occurred simultaneously in both diet 
groups and therefore did not affect the differences in final levels. 

Data Synthesis and Analysis 

The strength of the association of HDL-c levels in difiFerent diets 
was measured as followed: Mean ± SDs (mmol/1) with 95% CI 
and % weight for all trials. To convert from mg/dl to mmol/1. 



415 citations excluded based upon screening of 
abstracts or titles using general criteria 



197 abstracts were reviewed, 
and full reports were evaluated 



175citations excluded as follows: 




'Not report HDL-c levels 




Not detail on classification 


•« 


Not report human studies 




Not in English or English translations 




LAgc did not accord w ith 



22 potential articles chosen for closer review 



10 articles excluded after full review 
r 6 not cholesterol studies 
-s 2 lacking detail on classification 

L2 comitig from same population 



12 articles included in full text 



Figure 1. Results of search for eligible studies. 

doi:l 0.1 371/journal.pone.0092609.g001 



PLOS ONE I www.plosone.org 



2 



March 2014 | Volume 9 | Issue 3 | e92609 



Effects of Different Diets on HDL-c Plasma Level 



n Q 

S +1 



o 
> 
'E 
E 
O 



O 9) 
Z M 



n Q 
o in 

S +1 



> 



■D 

01 



o 
u 



^ 00 CO CO 



(N m ^ 



^ m 





1^ 


in 




m 


m 




00 








o 


rq 






I-M 




m 








ro 


ro 


CM 




d 


d 


d 


d 


d 


d 


d 


d 


d 


d 


d 


+ 1 


+1 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+1 


+ 1 


+ 1 


+ 1 


O 


in 




m 








m 






in 




in 






o 


vD 








o 


5 




o 







ro 


1^ 


in 






ro 








ro 


+1 


+ 1 


+ 1 














ro 







IN 




pj 




in 




r>j 


u-i 


Lfi 


iri 




ro 


ro 




+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 




rv. 




ro 


ro 




in 




yo 


in 




ro 




ro 




rsi 


rN 


m 


CM 


(N 


CM 







in 


CO 








in 


ro 


a\ 








in 




(N 




u-i 


ro 






r>i 


rn 






+ 1 


T\ 


+1 




+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+ 1 


+1 






CO 


VD 








U-) 


00 


O) 


o 


p 




r< 


rsi 


ro 






rsj 


ro 


d 


cs 


''^ 


ro 




CM 




rsi 


1 


rsi 


rsi 


fN 


ro 


rsi 


r-i 


rsi 




o 


o 


in 


q 


o 


u-i 


00 


p 


O 


O 


O 


CO 




CO 


r< 


u-i 


d 




in 


uS 


(N 


d 




ro 






ro 




ro 


^ 


ro 


■=3- 


in 




ro 


























O 
























O 


o 


o 


O 


O 


O 


O 


o 


O 


o 


o 


O 




0 


0 


U 


U 


U 


U 


u 


U 


0 


0 


0 



























E E E 
< < < ™ 



E 

a 













fD 


















ro 


fD 


5 


U 


1^ 





E 
< 



CO < 
IT) . . 

O U 



E S 
J E 

o IJ 

E J 



E ^ 
£ ° ^ 

^ 



■ o ^ o 
: 2 ^ o 

i "5 K Ji 



Q. 3 QJ 3 



s < 



PLOS ONE I www.plosone.org 



3 



March 2014 | Volume 9 | Issue 3 | e92609 



Effects of Different Diets on HDL-c Plasma Level 



multiply by 0.02586. Stratified analyses were also performed by 
some cultural similarities. A statistical test for heterogeneity was 
performed based on the Qjtest [16] (Figure 2), a P value greater 
than 0.05 indicates a lack of heterogeneity among studies. The 
summary SMD (Standardized Mean Difference) estimate was 
calculated by the random-effects model (the Der Simonian and 
Laird method was used) [17]. Funnel plots and Egger's linear 
regression test were used to provide diagnosis of the potential 
publication bias [17] (Figure SI; Figure S2). Sensitivity analyses 
were performed to assess the stability of the results (Figure 3). AU 
analyses were done with Stata software (version 10.0; StataCorp 
LP, College Station, TX), using two-sided P values. 

Results 

Results of the Literature Search 

In the initial stage, 612 studies were included, of which 415 were 
excluded on the basis of screening using inclusion and discarded 
criteria. The remaining 197 abstracts were reviewed, and fuU 
reports were evaluated, of which 22 potentially relevant articles 
were included. Of the remaining studies, 10 additional studies 
were excluded, of these 1 2 trials published all-year time span that 
met specific inclusion criteria after a close examination (Figure 1). 
Reports were excluded because age did not accord with, they did 
not report HDL-c levels, did not detail on classification, did not 
report human studies, and were not in English or English 
translations were unavailable. These studies included 4177 
individuals, 2191 vegetarians and 1986 omnivores. Tiu; rc\ic'ws 
were all observational studies (including cross-sectional studies and 
cohort studies). 



Study Characteristics 

We identified 12 trials with 4177 individuals [5,18-28]. Two 
types of diets were considered, and there were vegetarian diets and 
omnivorous diets. Vegetarians were classified as lacto-ovo 
vegetarians (people who consume eggs, milk, and dairy products), 
lacto-vegetarians (people who consume milk and dairy products, 
but not eggs), and ovo-vegetarians (people who consume eggs, but 
not milk or dairy products). Vegetarians consume no meat, or no 
more than six times per year, and they had to have been practicing 
their diets for more than 2 months prior to the study [29]. They 
have been recruited from the Vegetarian Society, Seventh-Day 
Adventist Churches, Adventist Seminary Institute, and monaster- 
ies. Omnivores were defined as people who eat food of both plant 
and animal origin [5]. They were from the surrounding 
communities, friends, relatives of vegetarians, and healthy 
public-service personnel or the Oxford arm of the European 
Prospective Investigation into Cancer and Nutrition (EPIC- 
Oxford) through advertisements, radio, posters, and others. In 
the present study, all volunteers ranged from ,30 to 52 years old, 
without family history of overt vascular diseases (such as 
myocardial infarction, cerebrovascular, and angina etc), hyperli- 
poproteinemia, dysUpidemia, and related diseases. 

Effect of Vegetarian Diets and Omnivorous Diets on HDL- 
c Profile 

In our study, the baseline characteristics of two groups were 
almost similar (Tablel). Results of this meta-analysis suggested 
that individuals consuming vegetarian diets, as a group, had the 
same HDL-c level as omnivores (Figure 2) (SMD = 0.02 mmol/1; 
95% CI: —0.19 to 0.22 mmol/1). We assessed the association of 
plasma HDL-c levels between vegetarian and omnivores which 



Study 

Asia-Latin America 
Tdxeira Rde «t al.<2007) 

DeBiase etal(2007) 
Chenetal.(2010) 
K.Femandes etal.(2011) 
C.Julianaetal.(2013) 
Subtotal 

Europe-North America 
Thorogood etal.(1987) 
Alexander et al.O 999) 
Krajcovicova et al.(2000) 
Li et al(2001) 
Hoffmann et al.(2001) 
Robinson et aL(2002) 
Papadaki et aL (200$ 

Subtotal 

Overall 



-1.5 



T 



Standardised mean difference 
(95% CX) % Wei^ 



-1 



-.5 0 .5 1 

Standardised mean difference 

HDLVegetarians HDLOmnivores 



-0.03 (-0.33, 0.26) 

-0.05 (-0.66, 0.57) 
-0.47 (-0.68,-Q26) 
0.46 (OOl, 091) 
-0.26 (-0.85, 0.33) 
-0.09 (-0.43, 0.25) 



001 (-O07, 0.08) 
045 (008,083) 
056(019,094) 
-0.24 (-0.64, 0.15) 
044(019,069) 
-0.64 (-1.07,-021) 
-0.27 (-1.15,0.61) 
009 (-0 19, 0.36) 

002 (-019, 0.22) 



1.5 



9.8 
5.8 

10.8 
7.7 
61 

40.2 



12.0 
8.7 
8.7 
8.4 

10.3 
7.9 
3.8 

59.8 

1000 



Figure 2. Forest plot of HDL-c levels among different diets. The squares and horizontal lines correspond to the study-specific SMD and 95% 
CI. The area of the squares reflects the study-specific weight (inverse of the variance). The diamond represents the pooled SMD and 95% CI. % 
weighted for random-effects. 
doi:1 0.1 371/journal.pone.0092609.g002 
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Meta-analysis random-effects estimates (linear form) 
Study ouuuited 



Hioroaood et al.(1987) 
Alexaiiclei et al.(1999) 
ICrajcovicova et al.(2000) 
li et al.(2001) 
Hoffinanu et id.(2001) 
Robinsou et al.(2002) 
Teixeira Rde et al.(2007) 
DeBiaseetal.(2007) 
Papadaki et al.(2008) 
Oita et al.(2010) 
K.Femandes et al.(2011) 
CJiiUaua et al.(2013) 



S.M.D.(95%CI) 
H 0.01(-0.27,0.29) 
-0.03(-0.24, 0.19) 
-0.04(-0.24, 0.17) 
0.04(-0.18,0.26) 
-0.03(-0.25,0.18) 
0.07(-0.13,0.28) 
0.02(-0.21,0.25) 
0.02(-0.20,0.23) 
0.03(-0.19,0.M) 
0.08(-0.12,0.28) 
-0.02(-0.23, 0.19) 
0.03(-0.18,0.25) 



-0.19 



0.02 



0.22 



Figure 3. Sensitivity analyses of 12 studies, tlie part between two sliort lines sliows the 95% CI of one study, each small circle 
indicates mean differences. 

doi:! 0.1 371/journal.pone.0092609.g003 



stratified by some cultural similarities. In Asia and Latin America 
countries, it was suggested that there was no significant difference 
in plasma HDL-c level between vegetarians and omnivores 
(SMD = -0.09 mmol/1; 95% CI: -0.43 to 0.25 mmol/1), and in 
Europe and North America countries, the phenomenon wa.s also 
consistent between the two diets (SMD = 0.09 mmol/1; 95% CI: - 
0.19 to 0.36 mmol/1). In hght of this meta-analysis, we conclude 
that there is no evidence that plasma HDL-c levels differs in 
vegetarians and omnivores, even after adjusting for cultural 
circumstances. 

Furthermore, we found no evidence of publication bias, and 
there was a good of heterogeneity among studies. However, there 
was a modest degree of sensitivity analyses because of two studies 
deviating a litde far from SMD [23,25], and they were kept for 
having no influence on heterogeneity (Figure SI and Figure 
S2). DifT(:r(;nces in response between men and women were not all 
reported in the 12 studies, and therefore were not considered in 
the present report. But the present study's results were almost 
applicable to both sexes, because there was no heterogeneity 
between them. Only 2 original studies [20,30] excluded for gender 
classification, 2 references were studies of women [21,31] and 1 of 
men [25], but there was an almost equal number of men or 
women in the two groups (in vegetarian group men and women 
were 673 and 1348, respectively; and in omnivores were 687 and 
1016, respectively). 

Discussion 

The present meta-analysis study provides evidence indicating 
that there was no significant difiFerence in HDL-c levels between 
vegetarians and omnivores. Moreover, stratified analyses per- 
formed by cultural similarities also revealed that the plasma HDL- 

c lc\ (4s were constant regardless of cultural circumstances. These 
results were against to our original expectation. 



Initially, we hypothesized that omnivores consuming excess 
animal protein and saturated fatty acid had unbalanced diet and 
low HDL-c level, which was consistent with the notion of that 
omnivorous diets was associated with higher incidence of chronic 
cardiovascular diseases. However, based on the data produced in 
our meta-analysis study, the lack of meat in the diet seems not 
providing advantages to the vegetarians. In the included individual 
studies, because the only criteria to difiFerentiate vegetarian and 
omnivore was meat consumption, the consumption of other 
animal products was ignored. As a mater of fact, majority of the 
vegetarians also consumes eggs, milk, and other dairies, and 
perhaps in larger amounts, thus reducing the contrast with 
omnivores. Egg yolk is one of the greatest cholesterol-containing 
foodstuffs; whereas milk and dairy products importantly contribute 
to the high saturated fat and also cholesterol content of the daily 
food intake. Omnivores usually take more proportion of lean meat 
instead of fat meat as their food; the lean meat itself does not 
increase plasma cholesterol levels [32-34]. Alcohol also increases 
HDL-c concentration and perhaps omnivores tend to consume 
more alcohol than vegetarians [35,36]. In addition, vegetarians 
tend to take lower saturated fat and higher polyunsaturated fat 
than omnivores. Meta-analyses of metabolic ward studies [37] and 
controlled dietary trials [38] have revealed that saturated fat 
increases HDL-c, and so does polyunsaturated fat, although to a 
lesser extent. So, it is difficult to predict HDL-c level simply based 
on different diet groups. Consistentiy, previous reports [39,40] also 
showed that diet and exercise interventions have no significant 
effect on HDL-c, but do affect measurements of other types of 
blood lipids. 

Apart from environmental factors such as lifestyle and nutrition, 
about 70% of the variations in plasma HDL-c levels in humans are 
genetically determined [41,42]. It is widely postulated that 
variations in plasma HDL-c concentration are determined by 
both the rate at which HDL-c is produced and the rate of 
cataboHsm of HDL particles [43,44]. There are several known 
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molecules that play a role in regulating plasma HDL-c concen- 
tration, including hepatic lipase (HL), lecithin cholesterol acyl- 
transferase (LCAT), c;holesteryl ester transfer protein (CETP), and 
phospholipid transfer protein (PLTP). It is now generally accepted 
serum HDL-c concentrations are regulated in part by members of 
the lipase enzyme family, especially HL, in which loss-of-function 
mutations are hypothesized to result in elevated HDL-c level. The 
lipases have highly conserved structural domains, and these 
enzymes function to metabolize triglycerides and phospholipids 
[43,45]. It is important in the processing of lipids carried within 
lipoproteins and probably also in the uptake of lipoprotein 
particles into cells [46]. Although synthesized in nonendothelial 
cells, the secreted enzymes translocate to the surface of endothelial 
cells, where they carry out their metaboUc function. 

Lastly, we realize that there are several limitations in our study: 

I. In our meta-analysis, we could not obtain information from all 
studies on the blood pressure, weight status, insulin or diabetes 
conditions which were main risk factors for dyslipidemia, and 
lacking of those original data limited our further evaluation of 
potential interactions. 2. Our results were based on unadjusted 
estimates, while more precise analysis should be conducted if more 
detailed individual data were available. 3. It was difficult to 
quantitatively describe the foods, especially all data were self- 
reported. 4. It was important to distinguish the differences between 
vegan diets and vegetarian diets. A vegan consumed no meat, eggs, 
and dairy products, but the latter included dairy products and eggs 
in the diets, which could produce different physiological effects. 

In summary, our m(^ta-analysis indicated that \'egetarians and 
omnivores presented almost consistent HDL-c plasma levels 
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